Conclusions : Le taux d'HMA n'a pas sensiblement changé au cours des 25 dernières années. L'utilisation diminuée des services psychiatriques n'était pas associée au taux des homicides commis par des personnes souffrant de maladie mentale, et deuxièmement, elle n'était pas liée aux augmentations dans la population des taux d'homicide ou d'incarcération. L'utilisation de substances est devenue un problème plus prévalent pour cette population.
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Publicity surrounding violent behavior, especially homicides, committed by individuals with serious mental illness (SMI) is a major source of fear and stigma towards this population and has contributed to rising public safety concerns and calls for greater restrictions on those with SMI. 1 These concerns have risen since the period of deinstitutionalisation, with increasing numbers of people with SMI now in contact with the public. 2 Contemporaneously, crime rates rose in most Western countries between 1960 and the 1990s, possibly fueling existing stigma towards persons with SMI. 3 Studies from western Europe, Australia, and New Zealand have examined whether the rate of homicide associated with SMI (mentally abnormal homicide, or MAH) has changed over this time period, finding that MAH rates have been static 3, 4 or have fallen. 5 In England and Wales, MAH rates increased alongside the total homicide rate from the 1950s to 1970s but then fell progressively while total homicides continued to rise. 5 An Australian study found that rates of criminal conviction for those with schizophrenia rose during the major period of deinstitutionalisation but only to the same degree as violent crime rates in the general population. 6, 7 In Germany, no change was found in attempted and completed homicides among those with schizophrenia when calculated prior to (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) or following deinstitutionalisation (1992-1996). 8 Rebutting earlier suggestions, 9 recent meta-analytic findings from developed countries show that rates of homicide by persons with schizophrenia correlate strongly with population homicide rates. 10 Supporting these findings is research demonstrating that risk factors for violence in the general population also contribute to the violence committed by those with SMI (e.g., poverty, substance misuse, inadequate social supports) [11] [12] [13] and that similar sociological factors affect both population homicide rates and MAH. 5 Recent studies have also explored the effect of mental health services and laws on rates of MAH. The decline in MAH in England and Wales, for example, has been attributed to improvements in psychiatric care and service organisation. 5 In a cross-sectional study of homicide, mental health service characteristics, and civil commitment law across 50 US states, population homicide rates were inversely correlated with the quality of mental health services and the permissiveness of civil commitment laws.
14 In a Swedish sample, treatment with adequate doses of antipsychotic (for persons with psychosis) or mood-stabilising (for persons with bipolar disorder) medication resulted in significant reductions in violent and nonviolent behavior. 15 Similarly, persons with SMI released from prisons in the United Kingdom who received antipsychotic medication showed reductions in violence risk. 16 
The Ontario Context
Deinstitutionalisation occurred progressively across Ontario from the 1970s. 17 The number of inpatient beds within psychiatric hospitals fell from 3.6 per 1000 population in 1965 to 0.9 by 1980. This process continued into the 2000s. As shown in Figure 1 , the annual rate of separations (discharges, deaths) for all mental health-related admissions in Ontario fell from 957.5 per 100,000 population in 1987-1988 to 655.9 in 2012-2013 (a 32% decrease). The average length of stay for each admission fell from 42.5 days in 1987-1988 to 24.1 days in 2012-2013 (a 43% decrease), and bed day utilisation (calculated as the population-adjusted separation rate Â length of stay) fell by 61%. In contrast, spending on community mental health services increased significantly over this period. The notion that deinstitutionalisation resulted in increased numbers of mentally ill persons in prisons continues to be of widespread concern; however, there are no studies of changing prevalence of SMI in Canadian prisons.
With respect to the nature of mental health law, Ontario's civil commitment laws fall into the 'legalistic' grouping of mental health legislation as described by Winick 18 and others. 19 Such legislation has emphasised civil liberties over clinical needs, which can make clinicians reluctant to use civil commitment in other than emergency situations. Lower rates of civil commitment have been found to result in higher levels of criminal justice involvement in the United States, 20 but no record of the rate of usage of civil commitment is centrally recorded in Ontario. Consequently, it is difficult to investigate whether rates of usage have affected MAH rates over time.
The Current Study
We investigated whether the rate of homicide by people with SMI has changed over the period from 1987 to 2012, specifically in relation to hospitalisation, incarceration, and population homicide rates. We further examined victim characteristics of MAH and non-MAH homicide perpetrators to investigate who is at risk for homicide victimisation and whether rates of different psychiatric and substance use disorders for MAH perpetrators have changed over time. This represents the first comprehensive analysis of these trends in North America and provides data against which public concern regarding the risk posed by individuals with SMI may be evaluated.
Homicide, because of its high clearance rate and minimal reporting bias, is a unique means of studying epidemiological shifts in the prevalence of serious violence through time. Over the study period, the criminal responsibility defense was largely unchanged, presenting an opportunity to examine population homicide against homicides resulting in a mental health disposition (unfit to stand trial [UST] or not criminally responsible on account of mental disorder [NCRMD] ) and arrive at a reliable population-level measure of the relationship between SMI and homicidal violence.
Method
We reviewed all homicides in Ontario from 1987 to 2012 to compute the population homicide rate as well as the rate of MAH. A variety of sources were used (below) as there is not one single database that provides information on all homicide perpetrators and events. For MAH perpetrators, we collected information on psychiatric diagnosis and whether the individual recidivated following the homicide. Victim information was collected for both MAH and non-MAH perpetrators. All study procedures were approved by the institutional review board at the Centre for Addiction and Mental Health.
We included all adults aged 18 years and older who had been accused of murder (first or second degree), manslaughter, or infanticide or who had been found UST or NCRMD on such charges. Prior to 1992, the term not guilty by reason of insanity (NGRI) was in use; however, the wording of the legal test for criminal responsibility, which is closely based on the M'Naghten standard, 21 did not change materially following the introduction of NCRMD. A UST-accused person was defined as a MAH perpetrator who was deemed unfit for at least 2 years or who was found permanently UST. If a UST-accused person became fit to proceed and returned to court, the final disposition (e.g., criminally responsible, NCRMD) determined which class of homicide he or she was placed in. Time frames for MAH events were defined by the date of the offense, while time frames for non-MAH were defined by the year the homicide was reported by police.
Data Sources
Ontario Review Board. The Ontario Review Board (ORB) oversees all individuals adjudicated NGRI/NCRMD or UST in the province of Ontario. ORB records available to review included psychiatric reports and legal disposition documents, both of which contain detailed information pertaining to the psychosocial, legal, and mental health histories of the accused, as well as the synopsis of the offense(s).
Ontario court reports. Court files are available to the public through 2 online legal databases: CriminalSource and LexisNexis. Files include evidence, sentencing, appeal, and trial hearings, and they typically contain detailed information about the homicide, facts of the case, legal proceedings, and outcomes. Court files also contain information about the victim-perpetrator relationship and evidence of psychiatric problems at the time of the incident. We searched for individuals found UST or NGRI/NCRMD on charges of murder, manslaughter, or infanticide to supplement ORB records (above) and ensure the completeness of our list of MAH perpetrators.
Statistics Canada and the Homicide Survey. Non-MAH rates and victim characteristics were obtained from Statistics Canada and the Homicide Survey, a mandatory nationwide survey completed by police following every homicide event. This survey has been the primary mechanism for the collection of national homicide statistics in Canada since 1961. The survey contains extensive information about the offense, the victim, and the accused. Ontario population and incarceration statistics were retrieved from Statistics Canada. 22 The latter included all adults sentenced to provincial or federal prisons in the province of Ontario.
Ontario Mental Health Reporting System. Information on psychiatric hospitalisation rates was obtained through the Ontario Mental Health Reporting System (OMHRS), a reporting system that collects information about individuals admitted to designated adult mental health beds in Ontario for each fiscal year, drawn from 68 participating hospitals. We retrieved the following data from the OMHRS for the fiscal years 1987-1988 to 2012-2013: 1) number of separations (discharges, deaths) per 100,000 adult population and 2) length of stay (days) per 100,000 adult population for admissions to psychiatric hospitals, admissions to general hospitals for mental health reasons, and all mental healthrelated admissions.
Statistical Analysis
Homicide rates per 100,000 population from 1987 to 2012 were calculated based on the total number MAH and non-MAH perpetrators (perpetrator-based analysis) and victims of MAH and non-MAH perpetrators (victim-based analysis). Perpetrator-and victim-based homicide rates were analysed using Poisson generalised linear models (GLMs) with year, perpetrator type (MAH, non-MAH), and their interaction entered as predictors. Rates of hospital separations and length of stay were analysed using Poisson GLMs, with fiscal year entered as the predictor. Incarceration rates were analysed using Poisson regression. Spearman correlations tested whether homicide rates from 1987 to 2012 were associated with markers of psychiatric service utilisation (i.e., number of separations, length of stay) and incarceration rates in Ontario during this period. Quasi-Poisson models were adopted when over-or underdispersion was detected. Proportion data were analysed using w 2 . Our threshold for statistical significance was P < 0.05 (2-sided, uncorrected). All analyses were conducted using R.
23

Results
Homicide Rates
The total number of adults accused of committing homicide in Ontario from 1987 to 2012 was 4402 (Table 1) . Of these, 163 (3.7%) were MAH perpetrators (140 NCRMD, 14 NGRI, 9 UST) and 4239 were non-MAH perpetrators (96.3%). There was a mean (SD) of 6.30 (3.1) MAH perpetrators, or 0.07 (0.03) per 100,000 population, compared to a mean (SD) of 163.0 (22.3) non-MAH perpetrators, or 1.85 (0.37) per 100,000 population. Homicide rates (perpetrator based) decreased significantly from 1987 to 2012 (Table 2, Figure 2 ). Although the interaction of year Â perpetrator type was not significant, separate models showed a significant decline in annual non-MAH perpetrator rates from 1987 to 2012, whereas no change was detected in annual rates of MAH perpetrators. Consistent with this, we found no significant association between annual rates of MAH and non-MAH perpetrators (r ¼ 0.18, P ¼ 0.39) and overall homicide perpetrator rates (r ¼ 0.25, P ¼ 0.22) during this period. Identical results were obtained using victim-based incidence rates.
Associations between MAH and Psychiatric Hospitalisation and Incarceration Rates
A modest decline was found in the annual adult incarceration rate in Ontario from 1987 to 2012 (Table 2) . Describing ongoing deinstitutionalisation of mental health care in Ontario, significant annual declines occurred in the number of separations from and length of stay in psychiatric hospitals, in general hospitals, and for all mental health-related admissions per 100,000 population (Table 2, Figure 1) .
We then tested whether homicide rates were associated with population hospitalisation and incarceration rates. As shown in Table 2 , MAH rates (perpetrator based) were not associated with any measure of psychiatric service utilisation or incarceration from 1987 to 2012. Conversely, non-MAH rates were positively associated with all measures of hospitalisation, but not incarceration rates, from 1987 to 2012. Thus, we observed a decline in both population homicide rates and indicators of psychiatric service utilisation but no association between these indicators and MAH. 
Homicide Victims
We had information for 3783 victims of homicide by MAH (n ¼ 170, 4.5%) and non-MAH (n ¼ 3613, 95.5%) perpetrators. Victim type included family (e.g., spouse, parents, grandparents, children, siblings), other intimates/acquaintance (e.g., boyfriend/girlfriend, friend, neighbor, business relationship), and stranger. A significantly greater proportion of MAH perpetrator victims were family members, while a significantly greater proportion of non-MAH perpetrator victims were other intimates/acquaintances and strangers (Table 3) . Of all victims killed by strangers, 15 were killed by mentally unwell persons, while 695 were killed by non-mentally abnormal perpetrators.
Characteristics of Mentally Abnormal Homicide Perpetrators
Diagnostic information for 98.2% (n ¼ 160) of MAH perpetrators was obtained. Most MAH perpetrators had a psychotic disorder, the largest proportion being schizophrenia-spectrum disorders (Table 3) . Substance-related disorder information was available for 98.8% (n ¼ 161) of MAH perpetrators, almost half of whom had a comorbid substance abuse disorder. A significant increase was found in the annual proportion of MAH perpetrators with a schizophrenia-spectrum disorder from 1987 to 2012 (b ¼ 0.445, SE ¼ 0.005, P < 0.05, R 2 ¼ 0.20), while the annual proportion of MAH perpetrators with a comorbid substance abuse disorder showed a trend towards increasing over time (b ¼ 0.35, SE ¼ 0.007, P ¼ 0.08, R 2 ¼ 0.12). Prior forensic patient status was available for 152 (93.3%) of the MAH perpetrators. For almost all (n ¼ 150, 98.7%), their homicide offence was their first presentation to forensic services. Posthomicide recidivism while under the authority of the ORB was low: just 6 (3.9%) MAH perpetrators reoffended following their NCRMD/UST finding, 5 of whom were violent recidivists (assault being most common). There was no homicide recidivism in the MAH perpetrators.
Discussion
We found no significant change in the rate of mentally abnormal homicide in Ontario over the past 25 years. Although the rate of homicide in the general population progressively fell, the rate of MAH remained unchanged. MAH rate was unrelated to the markers of psychiatric service utilisation described in this study and suggests that significant declines in the provision of inpatient mental health services have not been associated with an increase in the rate of serious violence among those with SMI. Furthermore, decreasing institutional psychiatric services was not associated with a rise in incarceration. The oft-quoted 'Penrose effect' 24 would have predicted that as psychiatric hospital numbers fell, homicide rates should have risen and prison numbers should have risen. Neither of these trends was observed in this study.
The average annual MAH rate of 0.07 per 100,000 persons is at the lower end of rates found in developed nations, noted to be on the order of 0.02 to 0.36. 9, 10 In keeping with the literature, 4, 25 victims of homicide by people with SMI are more often family members, unlike non-MAH perpetrators, who more frequently kill strangers and acquaintances.
The observed rate of MAH in this study did not decrease in parallel with the general population homicide rate, as Large and colleagues 10 might have predicted. This suggests that MAH rates may have been driven in part by factors independent of those that influence non-MAH rates in this relatively low homicide rate jurisdiction. Other studies have suggested that increasing expenditures on community mental health services might contribute to lower MAH. 5, 26 While the current study can only provide an indirect assessment of this association given the known increases in expenditures over the study period, it is an important line of inquiry with clear financial and public safety implications. It may follow from Segal 14 that improved expenditure on mental health services and better mental health laws could be associated with lowering population homicide rates, although these observations are from the United States, which has a higher homicide rate than Canada and comparatively lower expenditures on mental health services. Spending on community mental health services increased over this study period, but mental health legislation continues to be restrictive. Further study is needed to determine if the increase in spending, on one hand, or the nature of mental health legislation, on the other, has had direct effects on the rate of MAH over time. MAH perpetrators were most often diagnosed with a psychotic disorder, and the homicide offense almost always represented their first presentation to forensic mental health services. Nielssen and Large 27 found that 40% of MAHs were committed by people with a psychotic illness before treatment had been received; in a Canadian context, a sample of firstepisode psychosis patients in 3 Ontario cities had a mean duration of untreated psychosis of 66 months. 28 Data from our forensic patient population (n ¼ 370) show that the average duration of active symptoms prior to receiving inpatient care is lengthy (mean [SD], 3.60 [4. 89] years) and suggests that access to early engagement with mental health services may be one of the most important factors in reducing MAH as well as other types of violent offending among those with SMI. Factors that influence access include stigma, recognition of early symptoms, and easy access to first-episode care, issues that have been roundly criticized in Ontario. 29 Alongside psychosis, we observed rising comorbid substance misuse in the MAH population. Similar findings have been reported among homicide offenders with schizophrenia in England and Wales. 30 Drug and alcohol misuse can trigger or exacerbate symptoms of psychosis and confer additional violence risk for persons with psychosis. 6, [31] [32] [33] It is possible that rising substance misuse may have contributed to poorer outcomes for a subset of persons with SMI, effectively blunting a reduction in MAH that might otherwise have occurred with improved community mental health service provision. Over this study period, Ontario has seen a large rise in immigration with increasing social diversity and diagnostic complexity among those who have a mental illness and who commit homicide. The higher rate of substance misuse may have worsened outcomes of psychotic illness for those presenting with higher levels of diagnostic complexity, at the same time as improved resourcing for mental health services may have lessened the burden of illness on others.
The study has limitations. First, the low base rate and variance associated with the rate of MAH in this study may have suppressed the magnitude of association observed with the indicators of psychiatric service utilisation examined. Second, the Homicide Survey is of accused, not convicted, offenders, which leaves open some variations in rates. However, when analyses were performed using victim or perpetrator rates, the results were unchanged. We also did not have access to the murder-suicide population. This group has been found to have features of both mentally normal and abnormal homicide profiles. 34 Furthermore, there is a lack of good-quality health sector data on community service expenditures, psychiatric service levels and utilisation over time, and an absence of data on the rates of civil commitment orders. Improved measures of community mental health service provision and civil commitment use in Ontario would permit a better exploration of the interplay between these factors, as well as their relation to SMI-related violence.
Conclusions
Notwithstanding the limitations delineated above, this the first North American study to examine population-based rates of MAH over time and in relation to population homicide rates, indicators of mental health service provision, and criminal justice involvement. The implication that SMI has not contributed to an increase in societal risk over the past 25 years is an important public health message and of reassurance to the movement to eliminate stigma against people with SMI. Rather than reinstitutionalising patients, current findings suggest that improving services to reduce the duration of untreated psychosis and substance misuse may be more effective treatment objectives to address the problem of SMI-related violence.
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